ABSTRACT During the course of our deep optical imaging survey for Lyα emitters at z ≈ 5.7 in the field around the z = 5.74 quasar SDSSp J104433.04-012502.2, we have found a candidate strong emission-line source. Follow-up optical spectroscopy shows that the emission line profile of this object is asymmetric, showing excess red-wing emission. These properties are consistent with an identification of Lyα emission at a redshift of z = 5.687±0.002. The observed broad line width, ∆v FWHM ≃ 340 km s −1 and excess red-wing emission also suggest that this object hosts a galactic superwind. Subject headings: galaxies: individual (LAE J1044−0130) -galaxies: starburst -galaxies: formation
INTRODUCTION
Recent progress in deep optical imaging with 8-10 m class telescopes has enabled new searches for star-forming galaxies beyond redshift 5. In particular, imaging surveys using narrow-passband filters have proved to be a particularly efficient way to find such galaxies (Hu & McMahon 1996; Steidel et al. 2000; Kudritzki et al. 2000; Hu et al. 2002) . Indeed the most distant Lyα emitter known to date is HCM 6A at z = 6.56 (Hu et al. 2002) , and more than a dozen Lyα emitters beyond z = 5 have been discovered Spinrad et al. 1998; Weymann et al. 1998; Hu et al. 1998 Hu et al. , 1999 Hu et al. , 2002 Dawson et al. 2001 Dawson et al. , 2002 Ellis et al. 2001) , most by using this technique.
One interesting object is J123649.2+621539 at z = 5.190 which was found serendipitously in the HDF-North flanking fields (Dawson et al. 2002) . Its Lyα emission-line profile shows a sharp blue cutoff and broad red wing emission, both of which are often observed in star-forming systems with prominent wind outflows. These features are also expected from radiative transfer in an expanding envelope. Therefore, Dawson et al. (2002) suggested that the Lyα profile of J123649.2+621539 is consistent with a superwind with a velocity of ∼ 300 km s −1 . Galactic superwinds are now considered to be one of the key issues for understanding the interaction and evolution of both galaxies and intergalactic matter (e.g. Heckman 1999; Taniguchi & Shioya 2000) . In order to improve our knowledge of galactic superwinds at high redshift, a large sample of superwind candidates at z > 3 is needed. During the course of our new search for Lyα emitters at z ≈ 5.7, we have found a candidate superwind galaxy at z = 5.69. In this Letter, we report its observed properties. We adopt a flat universe with Ω matter = 0.3, Ω Λ = 0.7, and h = 0.7 where h = H 0 /(100 km s −1 Mpc −1 ) throughout this Letter.
OPTICAL DEEP IMAGING
We have carried out a very deep optical imaging survey for faint Lyα emitters in the field surrounding the quasar SDSSp J104433.04−012502.2 at redshift 5.74
15 (Fan et al. 2000; Djorgovski et al. 2001; Goodrich et al. 2001) , using the prime-focus wide-field camera, Suprime-Cam (Miyazaki et al. 1998) ′′ 7 and 1. ′′ 3 arcsec during the entire run. Photometric and spectrophotometric standard stars used in the flux calibration are SA101 for the B, R C , and I C data, and GD 50, GD 108 (Oke 1990) , and PG 1034+001 (Massey et al. 1996) for the NB816 data. The z ′ data were calibrated by using the magnitude of SDSSp J104433.04−012502.2 (Fan et al. 2000) ; since any quasar is a potentially variable object, the photometric calibration of the z ′ data may be more unreliable than those of the other-band data.
To avoid delays in obtaining follow-up spectroscopy, we analyzed only two of the CCD chips, one of which included the quasar SDSSp J104433.04-012502.2. The individual CCD data were reduced and combined using IRAF and the mosaic-CCD data reduction software developed by Yagi et al. (2002) . The total size of the reduced subfield is 11 0.7 Mpc (z min ≈ 5.663 and z max ≈ 5.762; note that the transmission curve of our NB816 filter has a Gaussian-like shape). Therefore, a total volume of 33,700 h −3 0.7 Mpc 3 is probed in our NB816 image. Source detection and photometry were performed using SExtractor version 2.2.1 (Bertin & Arnouts 1996) . Our detection limit (a 3σ detection with a 2 ′′ diameter aperture) for each band is summarized in Table 1 . For source detection in the NB816 image, we used a criterion that a source must be an object with at least a 13-pixel connection at the 5σ level. [Note: Given the pixel resolution of 0.2 arcsec pixel −1 , an extended source observed in ∼ 1 arcsec seeing must be observed as a source with more than a 13-pixel connection.] Adopting the criterion for the NB816 excess, I C − N B816 > 1.0 mag, we have found a strong emission-line source located at α(J2000.0)=10 h 44 m 32 s and δ(J2000.0)=−01
• 30 ′ 34 ′′ (hereafter LAE J1044−0130). In this Letter we report on this source.
The sky position of LAE J1044−0130 is shown in Fig.  1 . The optical thumb-nail images of LAE J1044−0130 are given in Fig. 2 . As shown in this figure, LAE J1044−0130 is clearly seen only in the NB816 image; the observed equivalent width is EW obs > 310Å. The NB816 image reveals that LAE J1044−0130 is spatially extended. It is interesting to note that this object shows not a circular shape but an irregular shape. The angular diameter is 2.3 arcsec (above the 2σ noise level). The size of the point spread function in the NB816 image is 0.90 arcsec. Correcting for this spread, we obtain an angular diameter of 2.1 arcsec for the object. In the cosmology adopted here, this corresponds to a diameter of d ≃ 12.4h −1 0.7 kpc.
OPTICAL SPECTROSCOPY
In order to investigate the nature of LAE J1044−0130, we obtained optical spectroscopy. First, we used the Subaru Faint Object Camera And Spectrograph (FOCAS; Kashikawa et al. 2000) with the lowest spectral resolution grism, 150 lines mm −1 , blazed at λ=6500Å together with an order-cut filter SY47 on 2002, March 11 (UT). The wavelength coverage was ∼ 4900Å to 9400Å. The use of an 0.8 arcsec-wide slit gave a spectroscopic resolution of R ∼ 400 at 8000Å. The total integration time was 1800 seconds. The spectrum is shown in the upper panel of Fig.  3 . We detected a single emission line at λ ≈ 8130Å. This observation was done under photometric conditions, and we used the spectroscopic standard star, Feige 34 (Massey et al. 1988) to calibrate the spectrum. The emission line flux was calculated to be (1.5±0.3)×10 −17 ergs s −1 cm −2 . A second spectrum with FOCAS was obtained on 2002, March 13 (UT) in non-photometric conditions. This time, we used the 300 lines mm −1 grating blazed at 7500Å together with the same order cut filter SY47, giving a spectral resolution R ≃ 1000 with the same 0.8 arcsec-wide slit. This setting gave the same wavelength coverage as the lower resolution observation. Again the total integration time was 1800 seconds. The spectrum is shown in the lower panel of Fig. 3 . The emission-line profile marginally shows the sharp cutoff at wavelengths shortward of the line peak. However, the spectral resolution is insufficient to confirm this feature.
To clarify the shape of the line profile seen in the FO-CAS observations, additional observations were obtained with Keck/Echelle Spectrograph and Imager (ESI; Sheinis et al. 2000) in echellette mode using a 1 ′′ slit, which provided a spectral resolution of R ≃ 3400 at λ=8000Å. Two 1800-second integrations were obtained in photometric conditions on 2002, March 15 (UT). The spectra were calibrated using the spectroscopic standard stars Feige 34 and HZ 44 (Massey et al. 1988 ). The combined spectrum is shown in the middle panel of Fig. 4 . Again only one emission line, at λ ≈ 8130Å is found in the ESI optical spectrum, which covers the wavelength range 4000Å to 9500Å. The emission-line profile at 8130Å is confirmed to slightly asymmetric, showing a cutoff at wavelengths shortward of the line peak.
Although a single emission line in the wavelength range 4000Å to 9500Å may alternatively be identified as [O ii]λ3727, the fact that the observed profile appears to be skewed suggests that this line is in fact Lyα emission (e.g. Stern et al. 2000; Dawson et al. 2002) . Therefore, we conclude that the emission line at 8129.3±3.0Å must be Lyα, which then yields a redshift of 5.687±0.002. The rest-frame equivalent width of the putative Lyα emission is estimated to be EW 0 > 46Å. The observed Lyα flux is (1.49 ± 0.33) × 10 −17 ergs cm −2 s −1 . This appears consistent with our FOCAS observations made on 2002, March 11.
RESULTS AND DISCUSSION

Star Formation and Superwind Activities
The observed Lyα flux is f (Lyα) = (1.49 ± 0.33)× 10 −17 ergs cm −2 s −1 based on the ESI spectrum. Given the cosmology adopted in this Letter, we obtain an absolute Lyα luminosity of L(Lyα) ≃ (5.3 ± 1.2) × 10 42 h −2 0.7 ergs s −1 . This Lyα luminosity is comparable to those of other z > 5 galaxies; 1) 3.3 × 10 42 ergs s −1 for HCM 6A at z = 6.56 (Hu et al. 2002) , 2) 6.1 × 10 42 ergs s −1 for SSA22-HCM1 at z = 5.74 (Hu et al. 1999 ), 3) 3.4 × 10 42 ergs s −1 for HDF 4-473.0 at z = 5.60 (Weymann et al. 1998) , and 4) 8.5 × 10 42 ergs s −1 for J123649.2+621539.5 at z = 5.19 (Dawson et al. 2002) . Note that all the above luminosities are estimated by using the same cosmology as that used here.
We note that approximately half of the intrinsic Lyα emission from LAE J1044-0130 could be absorbed by intergalactic atomic hydrogen (e.g., Dawson et al. 2002) . In order to reproduce the observed Lyα emission-line profile a two-component profile fit was made using the following assumptions: 1) the intrinsic Lyα emission line profile is Gaussian, and 2) the optical depth of the Lyα absorption increases with decreasing wavelength shortward of the rest-frame Lyα peak. The resulting fit is shown in Figure 4 (thick curve), which corresponds to the following emission and absorption line parameters -1) Lyα emission: the line center, λ c,em = 8030.70Å, the line flux, f em ≃ 2.42×10 −17 ergs s −1 cm −2 , and the line width, F W HM em ≃ 650 km s −1 ; 2) Lyα absorption: the line center, λ c,abs = 8122.73 A, the optical depth at the absorption center, τ abs ≃ 9.85, and the line width, F W HM abs ≃ 175 km s −1 . This analysis suggests that the total Lyα emission-line flux amounts to 1.73 × 10 −17 ergs s −1 cm −2 . This is larger by a factor of 1.16 than the observed flux, giving a total Lyα luminosity of L(Lyα) ∼ 6.1 × 10 42 h −2 0.7 ergs s −1 . We then estimate the star formation rate of LAE J1044−0130. Using the relation SF R = 9.1 × 10 −43 L(Lyα) M ⊙ yr −1 (Kennicutt 1998; Brocklehurst 1971 ) and the total Lyα luminosity, we obtain SF R = 5.6 ± 1.1 h −2 0.7 M ⊙ yr −1 . Note that SF R may be overestimated because part of the Lyα emission may arise from shock-heated gas if the superwind interpretation is applicable to this object. Although the signal-to-noise ratio of our ESI spectrum is not high enough to analyze the profile shape in great detail, the presence of the excess red-wing emission seems secure (Fig. 4) . The FWHM of the Lyα emission is measured to be 340±110 km s −1 and the full width at zero intensity (FWZI) is estimated to be 890±110 km s −1 . These properties are similar to those of the Lyα emitter at z = 5.190, J123649.2+621539, found by Dawson et al. (2002) .
Comments on Possible Association with the Quasar
SDSSp J104433.04-012502.2 and the Lyman Limit System at z = 5.72
The observed redshift of LAE J1044−0130, z = 5.687, is close both to the quasar redshift, z = 5.74 (see footnote 15) and to that of a Lyman limit system (LLS) at z LLS = 5.72 in the quasar spectrum reported by Fan et al. (2000) . The redshift difference between LAE J1044−0130 and the quasar corresponds to the velocity difference of ∆v ≈ 2370 km s −1 and that between LAE J1044−0130 and the LLS corresponds to ∆v ≈ 1476 km s −1 . The angular distance between LAE J1044−0130 and the quasar is approximately 330 arcsec, giving a co-moving separation of ∼ 13 h −1 0.7 Mpc. This separation seems too large to identify LAE J1044−0130 as a counterpart of the LLS. It seems also unlikely that that LAE J1044−0130 is associated with the large-scale structure in which the quasar SDSSp J104433.04-012502.2 resides.
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c The full width at half maximum of stellar objects in the final image . From our optical spectroscopy, we find that a galaxy located at 2. ′′ 4 northeast of LAE J1044−0130 shows two emission lines at λ ∼ 6710 − 6720Å. Since these lines can be identified as the [O ii]λ3727 doublet redshifted to z = 0.802 ± 0.002. This foreground galaxy might enhance the image of LAE J1044−0130 due to gravitational lensing. However, since there is no counter image of the LAE J1044−0130 in our deep NB816 image, the magnification factor might be less than a factor of 2. 
